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Trip 14
PALEOECOLOGY AND STRATIGRAPHY OF ORDOVICIAN CARBONATES,
MOHAWK VALLEY, NEW YORK
Richard A. Park, Rensselaer Polytechnic Institute,
Troy, New York
Donald W. Fisher, New York State Museum and Science
Service, Albany, New Yorki^
INTRODUCTION
The Ordovician of the Mohawk Valley (Fig. 1) offers a rather
good opportunity for the study of snallow-water carbonate biofacies.
The regional stratigraphy suggests that this was an area of more
or less predictable environmental variations.
The carbonate units
are contemporaneous with black shale facies to the east:
furthermore,
the area is bisected by the Adirondack Arch (Fig. 2), a positive
feature during early Paleozoic time.
However, the lateral changes
in lithologic facies and the discontinuous distribution of the
units impose some difficulty in the determination of time equivalencies.
Therefore, it is difficult to arrive at any sort of meaningful paleo
geography synthesis; each section has to be interpreted on its own
merit, and regional comparisons of paleoenvironments must be very
generalized.
The following discussion of the paleoecology of the area is
meant to serve as an example of the quantitative approach.
Several
analytical techniques are used to derive classifications and delineate
trends for the biofacies.
For those of you not familiar with these
techniques reference is made to key papers to supplement the
necessarily brief explanations given here.
For all trip participants
there will be ample opportunity to compare the quantitative abstractions
with the "real world" as represented at the various stops.
The Middle Ordovician (Mohawkian) fossils can be classified into
biofacies, representing groups of fossils that tend to occur together,
and biotopes, representing groups of samples that contain similar types
of fossils.
Both types of classifications can be effected readily
by using cluster analysis (Parks, 1966; Karbaugh and Merriam, I960).
First, samples are obtained; generally our procedure has been to
count, or note the presence or absence of, various major types of
fossils in a bedding-plane sample area of 600 cm (roughly the area
of a sheet of paper).
Then, to obtain a biotope classification,

1/ Park is primarily responsible cor the discussion of the paleoecology
and Fisher is primarily responsible for the stratigraphic interpretations.
Much of the faunal data was collected by Leonard A. Porter as part of
research sponsored by an NSF Teacher Research Participation grant.
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each sample is quantitatively compared with every other sample on the
basis of similarities in numbers of the various faunal types; this
can be done using correlation coefficients or any one of a number
of other similarity measures.
I prefer to use Sorensen's coefficient
2H/(avb) where w is the sum of the lesser values for each of the
variables (fossil types) in the two samples being compared, a is the
sum of the values for all the variables in one sample and b is the
sum of the values for all the variables in the other sample. A
dendrogram is then constructed by clustering the two samples with the
highest similarity, averaging them, recalculating their joint similarities
with all other samples, clustering the pair of samples, or clusters,
having the next highest similarity, etc. The samples are represented
by the horizontal lines and their levels of similarity are indicated
by the position of the vertical lines of juncture.
The result is an
objective hierarchical classification of all the samples based on
however many equally-weighted variables the investigator wishes to
consider. A classification of biofacies may be similarly derived by
comparing fossil groups on the basis of their joint abundances in the
samples.
Several biofacies can be distinguished within the Glens Falls and
Amsterdam Formations (Fig. 3). These are recognizable in the field,
but they are not well defined, as indicated by the low levels of
clustering.
Therefore, any one of the biofacies is likely to occur
with some degree of admixture of representatives from one or more other
biofacies. The very low levels of clustering of some of the fossil
types may be a function of time, the fossils not having evolved until
part way through the time period represented, or of rarity, the fossils
occurring so infrequently that their true ecologic affinities are
not adequately represented.
It is interesting to note that each of
the biofacies is composed of a single/taxon except for the coral
biofacies, which includes solitary and colonial corals and the alga
Solenopora. The brachiopod biofacies can be subdivided into two facies
or slightly different depositional history; 1) a facies of flat-lying,
concave-down brachiopods which probably accumulated in tidal flats and
very shallow subtidal areas and 2) a facies o imbricate, concave-up
brachiopods which probably represent a lag deposit of migrating tidal
channels. All the biofacies are thought to represent normal-salinity
intertidal and shallow subtidal environments. They differ in their
adaptation to turbidity, wave energy, substrate firmness, and possibly
water depth (including the eff ects of dessication and light penetration)
The biotopes of the Glens Falls and Amsterdam Formations are
more discernible (Fig. 4), comprising two main clusters of samples
which can be interpreted as representing muddy and clear-water
environments. The "clear-water" biotope consists primarily of
era
gastropod biofacies; the "muddy" biotope
consists Oi trilobite and ectoproct (bryozoa) biofacies.
The
environmenta1 interpretations are based on a consideration of the
functional morphology or the ^ossils and, to a lesser extent, on
their lithologic associations.
In general the Amsterdam and lower
Glens falls (Larrabee Limestone) represent dominantly ‘clear-water"
high-energy, subtidal to intertidal biotopes and the upper Glens Falls
(Sugar River Limestone) equivalent represents dominantly "muddy", lowerenergy, subtidal and intertidal biotopes but with intercalated "clearwater" beds.
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Lateral faunal trends from one locality to the next are difficult
to detect, probably because of the poor stratigraphic control and the
slight differences in the environmental responses of the faunas.
It is likely that there were no consistent environmental gradients
(for instance, no sharp depth trend) in the study area during the
Middle Ordovician; therefore, the faunas did not vary consistently,
but fluctuated depending on local conditions.
However, this does
not mean that regional differences, such as might be predicted by
the regional stratigraphy, did not exist.
If the average faunal
compositions of the Glens Falls equivalents west of the Adirondack
Arch are compared with those for the Glens Falls Formation east
of the Arch (Fig. 5) it can be seen that trilobites and ectoprocts
are more common to the east and brachiopods and echinoderms are
more common to the west.
It is reasonable to infer that the
organisms were responding primarily to the amount of fine-grained
terriginous elastics, expressed as turbidity and substrate softness;
therefore, this regional difference is probably related to the influx
of elastics from the newly emerging Taconics to the east. The
difference appears to have been more pronounced during the latter
part of the time span (the Shorehamian Substage), as one might
predict.
It is instructive to perform time-trend analysis (Harbaugh
and Merriam, 1968) on the sequences of biofacies in individual
stratigraphic sections in order to test for significant vertical
trends at the local level. The section at Inghams Mills (Stop 1)
is given as an example. Time-trend analysis is essentially a
bivariate technique; that is, it is concerned with the variation
of only one variable plotted against time, the independent variable.
However, it can be applied to multivariate data, consisting of a
number of variables such as fossil types, by assigning numerical
values to the variables so as to place them in a logical progression.
At Inghams Mills each bed in the upper part of the section (the
Glens Falls Formation correlatives, the Kings Falls and Sugar River
Formations) was identified as to biofacies using the classification
derived from cluster analysis. The biofacies were numbered in order
of increasing tolerance to mud, and a point, representing the
scaled biofacies, was plotted for each bed. The points were then
smoothed (Fig. 6) and were tested for significant trends (deviation
from vertical), random fluctuations, and cyclicity. The resulting
curve probably does not indicate anything more than a careful
investigator would note in the course of examining the section.
However, by quantifying the study it is possible to determine in
an unbiased manner that:
1) there is a definite faunal trend
with respect to our inferred ecologic progression; 2) the
fluctuations in dominant biofacies are probably not random; and
3) there is no pronounced cyclicity.
Time-trend analysis of the upper
part of this local section indicates a gradually changing environment,
probably brought about by the increasing effects of fine-grained
terrigenous elastics from the east.
In summary, quantitative paleoecologic analysis, as shown in
these few examples, seems to be a powerful tool in determining
paleoenvironments. The actual comparison between these quantitative
models and the "real world1' is left up to you, the field trip
participant!
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STOP 1, INGHAMS MILLS
Location of section (Figs. 1, 2): Little Falls 7.51 quadrangle.
Rock exposed in East Canada Creek just north of village of Ingham Mills,
a hamlet 5.7 miles northwest of St. Johnsville and 4.7 miles eastnortheast of Little Falls. Section on property of Niagara-Mohawk Power
Corp. (Prosser, 1900; Kay, 1937; added info, by Park and Fisher)
Discussion: (Note: This section will also be visited by Trip 16
on Sunday, at which time its stratigraphic implications will be discussed
more thoroughly, especially with respect to the Black River Valley out
crop belt.) At very low water buff weathering dolostone has been
reported. Ordinarily, the oldest strata visible are massive white
weathering, brownish-gray (Mdoven) lithographic limestones with a
pronounced conchoidal fracture. These lime muds represent ancient
intertidal flats penetrated by vertical worm burrows (Phytopsis) and
exhibiting filled dessication cracks.
Occasionally, interbeds of
lumpy shaly limestone occur.
Some beds weather buff reflecting a
dolomitic component.
Halfway up the steep wall, a darker gray
weathering, medium-dark gray, non-conchoidal limestone occurs.
This
contains subtidal fossils (brachiopods, gastropods, horn corals) and
is interpreted as representing an interfingering of the marine Chaumont
facies. The overlying strata exhibit a return to intertidal Lowville
conditions with tidal channels, Phytopsis» and the radially branching
burrow Chondrites; a bed of Tedradium corals and ostracodes lies 2
feet below the prominent bench.
Conformably on the brecciated uppermost Lowville bed is 12 feet
of brownish-weathering nodular black argilli-calcilutite with shale
interbeds. This is the Rockland Limestone.
It contains abundant
detritus-feeding trilobites, especially Isotelus, and occasional layers
of brachiopods, especially Doleroides in the lower part. The upper
part of the unit contains a more diversified fauna of gastropods,
cephalopods, brachiopods, and fodinichnia (trace fossils made by
burrowing detritus feeders); this is primarily a ”clear-water”
assemblage in contrast to the "muddy” assemblage of the lower Rockland.
Above the Rockland Limestone is about 4 feet of gray calcarenite
with abundant clasts of Lowville Limestone and rare dolostone clasts
(Little Falls Dolostone?). This suggests a moderate relief within
close proximity to the area of deposition.
This limestone is a thin
representation of the unit newly named Kings Falls Limestone by Kay
(1963). The basal bed contains abundant gastropods as well as clasts
and is interpreted as denoting a very shallow water, hard substrate
environment (rocky intertidal?).
The succeeding beds include 2
rippled horizons and, for the most part, have been completely reworked
by burrowing organisms.
The Sugar River Limestone (Kay, 1968) follows to the dam. This
consists of interbedded calcarenites and calcilutites, with the
argillaceous content appearing to increase upward. The fauna is quite
diverse.
The lower part of the unit contains concave-down and imbricate,
concave-up brachiopod biofacies (Fig. 3); the trilobite biofacies is
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more common in the middle part of the unit; and the upper part- is
dominated by the ectoproct (bryozoan) biofacies.
The strophomenid
brachiopods are interpreted as being somewhat similar to oysters
in mode of life; the imbricate brachiopod biofacies probably
represents the lag concentrate of tidal channels that slowly migrated
across the Middle Ordovician tidal flats. The thin, fine-grained
interbeds, with Flexicalymene and other members of the trilobite
biofacies, were probably tidal flat deposits that escaped reworking.
The ectoproct biofacies is considered to be a subtidal, "muddy"
assemblage. This is in contrast to the Cenozoic ectoprocts which
are intolerant of mud.
See the INTRODUCTION for a further discussion
of the time-trend analysis of this part of the section.
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STOP 2 , CANAJOHARIE CREEK
Location of section (Figs. 1, 2): Canajoharie 7.5' quadrangle.
Rock exposed along Canajoharie Creek (public) at southern edge of the
village of Canajoharie.
Reach section from highway N.Y. 5-S by
taking Moyer St. south (uphill) and turning right (west) on Floral
Ave. to its end. Park cars on village property between greenhouse
and gorge. (Kay, 1937; Fisher, 1954)
Discussion: The lowest strata exposed are intertidal, supratidal,
and shallow subtidal facies of the Tribes Hill Formation and are about
0.3 mile downstream from the descent ladder. The Wolf Hollow Member
(dolomitic calcilutite) is conformable on the uppermost beds of the
Palatine Bridge Member (thin silty limestones and shale interbeds).
The Fonda Member of the Tribes Hill Formation overlies the Wolf Hollow
Member and is just around the bend in the creek. The large pothole
which gives Canajoharie its name (Canajoharie is the Iroquois name for
the "pot that washes itself") together with several other smaller
potholes, is in the Chuctanunda Creek Dolostone, the youngest Early
Ordovician unit in the Mohawk Valley. Aside from the "hippopotami
backs", which are dolonitized hemispherical stromatolites (algal mounds),
no fossils are known from the Chuctanunda Creek Dolostone.
The
environment of deposition is probably lower intertidal.
Disconformably resting on the Lower Ordovician carbonates is the
Middle Ordovician Trenton Limestone (Sugar River?).
Here, this lime
stone consists of a few calcarenite beds with nodular and irregularly
bedded argilli-calcilutites with shale interbeds.
The limestones
contain brachiopod, ectoproct, and trilobite biofacies.
Only 15 feet
of Trenton limestone occurs here and 4 miles to the east, the Trenton
is absent and the Canajoharie Shale rests directly on the Chuctanunda
Creek Dolostone.
Here, the Trenton is on the western flank of the
Adirondack Arch, whose crest lies slightly to the east along the
longitude of the Noses Fault midway between Canajoharie and Fonda.
A

The Canajoharie black shale can be seen high on the gorge walls
with an abrupt but conformable relationship to the Trenton Limestone.
Upstream at W intergreen Park is a spectacular gorge exposing some 200
feet of Canajoharie black shale
its type locality.
Ile will eat
lunch at Wintergreen Park.

STOP 3 , BORDEN ROAD
Location of section (Figs. 1,2): Randall 7.5* quadrangle.
Borden Road leaves N. Y. 5-S, 2.7 miles west-southwest of Fultonville
and slightly east of where Van Wie Creek passes under N. Y. 5-S.
The section begins in Van Wie Creek (private) and continues along the
east side of Borden Road (public property) and re-appears southward
along Van Wie Creek (on posted property.1) (Fisher, 1954)
Discussion: The Palatine Bridge and Wolf Hollow Members of the
Tribes Hill Formation outcrop in the creek.
In the ditch on the east’
side of Borden Road is a iossiliferous light gray glauconitic
calcarenite and pebble conglomerate, characteristic of the Fonda
Member.
It is replete with the pelecypod-like arthropod known as
Ribeiria. The trilobites Clelandia, Hystricurus and Symphysurus
occur as do many species of snails (Ophileta. Ecculiomphalus,
Gasconadia) , brachiopods (Finkelnburgia, Tetralobula, a l i n g u U d ) ,
nautiloids (Ellsmereoceras, Ectenoceras, Clarkoceras) . conodonts,
and probably cystid plates.
The fauna is assuredly Early Canadian
and is suggestive of a restricted marine environment, possible
lagoonal.
A few more feet of intertidal dolomitic limestone and calcitic
dolostone complete the Lower Ordovician section.
Disconformably
atop this karst surface are a few inches of t:phy tops is*'-bearing
Lowville Limestone filling the widened joints ■fn the Lower Ordovician
dolostone.
When this cut was fresh, brown wads of limonite were
to be seen along this erosional surface. Middle Ordovician Trenton
Limestone containing shallow-, clear-water biofacies (including the
ecninoderm biofacies) follows.
This section is significant in that it demonstrates conclusively
the extent of the gap in sedimentary record (hiatus) present on the
eastern flank of the Adirondack Arch.
Of the Early Ordovician, the
Middle and Late Canadian are absent.
The Chazyan Series is wholly
missing. Most of the Black River Group is missing.
The early Trenton
(Rockland) is absent.
Certainly, the Adirondack Arch was an effective
barrier to sedimentation and faunal dispersal during much of the
Ordovician Period.
There is some evidence that it was active, also,
during the deposition of the Late Cambrian Little Falls Dolostone.
However, there is no evidence that the Arch was effective in
restricting sediments or faunas following deposition of the Middle
Ordovician Schenectady graywackes and shales.

STOP 4 , MANNY CORNERS QUARRY
Location of section (Figs. 1, 2): Amsterdam 7.5' quadrangle.
Abandoned shallow quarry on south side of highway N. Y. 67, 0.3 mile
east of Manny Comers, a hamlet 2.7 miles east-northeast oi. the main
intersection in Amsterdam. Property of the Cushing Stone Corp.
(Kay,
1937; added info, by Park and Fisher)
Discussion: The floor of the quarry is the Wolf Hollow Member
of the Tribes Hill Formation; the Fonda Member and the Chuctanunda Creek
Dolostone have been eroded.
Numerous dolomitized cross-sections of the
gastropod Ecculiomphalus may be seen. The fact that the fauna
consists only of this one genus of gastropod, which has been diagenetically
altered, suggests that this is an intertidal deposit.
This gastropod
bed near the top of the Wolf Hollow Member is relatively widespread
in this area of the Mohawk Valley.
The bed is overlain by 2 more feet
of Wolf Hollow followed by 5 feet of light gray slightly quartzose
calcisiltite with a slightly conglomeratic base. Kay (1937) referred
to this unit as the Lowville but it exhibits neither the characteristic
Lowville lithology nor the Lowville intertidal fauna.
Brachiopods,
gastropods and even an occasional horn coral may be found.
This unit
appears to be a representative of a localized environment along the
southern flank of the Adirondacks during the period of Black RiverEarly Trenton deposition.
Twelve feet of Amsterdam Limestone follows.
This consists of
nodular to irregularly bedded dark gray to black fine- to mediumtextured limestone with a prolific and varied fauna.
Gastropods,
horn corals, and brachiopods are particularly abundant, followed
by trilobites, nautiloids, ostracodes, ectoprocts, and favositid
corals. Pelecypods, conodonts, and scolecodonts complete the known
fauna. The Amsterdam Limestone is restricted to a belt extending from
Tribes Hill on the west to Glens Falls on the east.
Abruptly overlying the Amsterdam is the Larrabee Member of the
Glens Falls Limestone.
The Larrabee is a coarse- to medium-textured
light gray regular bedded limestone, thicker bedded than any other
of the Trenton limestones.
Brachiopods are particularly abundant,
exceeding all other fossil types.
Echinoderm plates, trilobites and
ectoproct are a poor second.
The unit is dominantly a ::clear-water",
high-energy facies. The brachiopod Parastrophina hemiplicata and the
trilobite Encrinurus cybeliformis appear to be reliable guides to this
unit.
Along the north side of the highway is about 10 feet of tan
weathering argilli-calcilutite with shale interbeds.
This is the
Shorehamian substage within the Glens Falls Limestone.
Trilobites
and ectoprocts are the dominant types. The trilobites Cryptolithus
tesselatus and Isotelus gigas are particularly common here.
The
nchocolate-drop’! ectoproct Prasopora is also easily found.
The fauna
is dominantly a ’’muddy'1 assemblage.
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STOP 5 , KANXA ROAD HORSE
Location of section (Figs. 1, 2): Pattersonville 7.5* quadrangle.
Kania Road is the first east-west road south of, and parallel to the
West Galway Road and is reached from Highway N. Y. 67 by taking Jersey
Hill Road north 1.3 miles and turning right (east) on Kania Road.
Section begins where road descends over Upper Cambrian Little Falls
Dolostone and the Hoffmans Fault. (Public property) (Fisher, 1966)
Discussion: Between two major gravity faults, branches of the
great Hoffmans Fault, downthrown on the east, is a sliver or horse of
Middle Ordovician limestone itself bisected by an easterly down
dropped gravity fault. The western portion of the horse displays
gently westward dipping Lowville Limestone conformably overlain by
Larrabee calcarenite; the Amsterdam Limestone is absent from its
accustomed position between the two.1 The eastern portion of the
horse shows steeply eastward dipping light gray coarse calcarenite
with golf ball-size pebbles of white to light graw weathering black
limestone and algal nodules (Solenopora). It would seem that the
Amsterdam has been eroded and redeposited as clasts within the
Larrabee lime sand. The coral biofacies, including the abundant
Solenopora, is thought to represent a very shallow water, high
energy environment.
The echinoderm biofacies, which also occurs
here, interpreted as having been deposited in a lower energy environ
ment at least slightly offshore.
Careful search will uncover
unusually fine specimens of rafinesquinid and sowerbyellid brachiopods.
The contrast in stratigraphy and paleoecology between this locality
and Stop 4; 6 miles to the southwest, is quite striking.
Canajoharie black shale occurs on the eastern downthown side of
the Hoffmans Fault.
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Figure 3. Biofacies classification based on cluster analysis;
each horizontal line represents a fossil type; numbers refer
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Figure 4. Biotope classification based on cluster analysis of
samples; each horizontal line represents a sample; there are
major biotopes, each composed on several minor biotopes.
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SHOREHAM (W)

SHOREHAM (E)

KJRKFIELD

LARRABEE
Figure 5. A comparison of the average faunal compositions east
and west of the Adirondack Arch; the "Shoreham" is now considered
the Sugar River Limestone west of the arch and the upper Glens
Falls Limestone east of the arch; the "Kirkfield" is the Kings
Falls Limestone and the Larrabee is the lower member of the Glens
Falls Limestone.
G=gastropod, ECH-echinoderm, ECT=ectoproct,
TR=trilobite, and BR=brachiopod.
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Figure 6. Time-trend analysis oi Kirkfieldian and Shorehamian
bioi acies at Inghams Mills, Kew York.
The line represents
a smoothing of the data using a 5-term smoothing equation; it
is continuous but iias been plotted in 4 segments Jor convenience
O j illustration,
bee text .or discussion.

